New World bats represent over one third of global bat species and encompass the widest adaptive radiation among bats. Modern bat diversity in the Americas resulted from a mixture of migrations and colonisations of different taxa throughout the Cenozoic. Traditionally, these taxa are conceived as either South or North American, based on the location of their centres of diversification. To better understand the spatial and temporal processes behind modern biogeographic patterns of New World bat fauna, we investigated phylogenetic diversity (PD) and endemism (PE) for 325 American bat species using distribution maps and a species-level phylogenetic supertree of bats. Randomisation tests were used to evaluate the statistical significance of our results, and to derive a categorical analysis of neo-and palaeo-endemism (CANAPE) to deconstruct significant endemism into its different components. PD and PE showed different patterns than those previously reported for New World bats based on traditional measures of diversity. We found multiple centres of significant endemism across the New World for most bat families, extending the hypothesis of dual centres of diversification, previously proposed for Emballonuridae, Phyllostomidae and Mormoopidae, to Molossidae and
Introduction
Phylogenetic methodologies enable new measures of biodiversity to successfully combine the evidence that palaeontological and biogeographic analyses provide, shedding light on the historical trajectory linking extinct and extant biodiversity (Bininda-Emonds et al. 2007 , Dávalos et al. 2014 , Rojas et al. 2016 . Phylogenetic diversity (PD) and endemism (PE) are increasingly investigated and have revolutionised our understanding of macroecological processes in deep time (Villalobos et al. 2013 , Daru et al. 2015 , Fergnani and Ruggiero 2015 , Rosauer and Jetz 2015 , Aguirre et al. 2016 . Beyond traditional measures of endemism (i.e. number of species restricted to a specific area), PE accounts for the fraction of the evolutionary history of a specific clade restricted to that area (Rosauer et al. 2009 ). This way, PD and PE better elucidate complex evolutionary histories of highly diversified taxa (Faith et al. 2004) .
Chiroptera is the second most speciose of mammalian orders, has colonised all habitable continents and exhibits the greatest dietary diversity of all tetrapod orders (Agnarsson et al. 2011) . Recent palaeontological studies have focused on the rise of modern bats, providing conflicting evidence about their place of origin (Gunnell et al. 2008 , Ravel et al. 2011 , Hand et al. 2016 . Palaeobiogeographic analyses have also focused on the historical processes of dispersal and colonisation by bats as an approach to better understand modern patterns of bat richness at continental scales (Gunnell and Simmons 2005 , Gunnell et al. 2014 , Yu et al. 2014 , Hand et al. 2015 . New fossil discoveries have also helped rewrite the evolutionary history of modern families such as Emballonuridae, Nycteridae, Rhinolophidae, Vespertilionidae, Myzopodidae and Mystacinidae (Hand et al. 2013 , Gunnell et al. 2014 , Ravel et al. 2014a , b, 2016 .
Among bats, the evolutionary history of the New World fauna is probably one of the most complex. Home to almost one third of the world's bat species, the New World includes the most varied terrestrial ecosystems on the planet (Crowther et al. 2015) . The extant New World bat fauna comprises more than 350 species across nine families representing three superfamilies (Emballonuroidea, Noctilionoidea and Vespertilionoidea), each with a distinctive evolutionary history (Arita et al. 2014 , Peixoto et al. 2014 . Traditional understanding suggests that the Emballonuridae (the only New World emballonuroid family) and the vespertilionoid family Molossidae could have colonised South America via sweepstakes migration from Africa in the Early Oligocene (Lim 2008 , Arita et al. 2014 . Noctilionoid fossils from Africa and Australasia suggest a Gondwanan origin for the clade, and that the ancestor of New World noctilionoids possibly colonised South America after migrating from Australia via Antarctica (Gunnell et al. 2014) . New World noctilionoids may have migrated subsequently to North America and the Caribbean, where diversification evidently occurred (Gunnell et al. 2014 , Rojas et al. 2016 . Finally, the vespertilionoid families Natalidae and Vespertilionidae are thought to have a Caribbean and North American origin respectively, both eventually migrating southwards (Dávalos 2005 , Lack et al. 2010 . As a result, this led to the acceptance that each New World bat family had a single centre of origin and diversification (Koopman 1982) .
However, the subsequent discovery of Paleogene fossil noctilionoids, molossids and emballonuroids in North America pointed to either a North American origin for these clades or an early northward migration from South America (Gunnell and Simmons 2005 , Eiting and Gunnell 2009 , before the onset of the rising of the Isthmus of Panama and the Great American Biotic Interchange (GABI; Arita et al. 2014 , Rojas et al. 2016 . Phylogenetic analyses suggest that natalid diversification occurred in the Caribbean, but that this family's origin was in North America (Dávalos 2005) . Also, the common ancestor of several nectar-feeding phyllostomid species has been traced to the Caribbean, suggesting that this region was a secondary centre of diversification for several bat families that migrated from South and North America (Dávalos 2005 , Rojas et al. 2016 . The timing of the arrival and diversification of these lineages in the Caribbean has been traditionally interpreted to have occurred within two major geological events: GABI and the Greater Antilles Aves Ridge (GAARlandia; Iturralde-Vinent and MacPhee 1999). Biogeographic studies have refuted this theory because the molecular timing of the diversification matches neither GABI nor GAARlandia (Rojas et al. 2016) .
These discoveries led to the development of a new hypothesis for the origin and diversification of New World bats, based on the latitudinal distribution of endemism, in which some families had more than one centre of diversification across the Americas (Arita et al. 2014 , Rojas et al. 2016 . So far, presence of areas of endemism in both North and South America supports this hypothesis for the families Emballonuridae, Mormoopidae, Natalidae and Phyllostomidae, but not for the species-rich family Vespertilionidae (Arita et al. 2014 , Rojas et al. 2016 . Under this hypothesis, regardless of the location of the putative centre of origin of each family, each underwent more than one diversification event across the Americas (Arita et al. 2014) .
Previous studies have pointed to latitudinal gradients of biodiversity (i.e. higher bat diversity at lower latitudes) and tropical niche conservatism (i.e. higher levels of diversity towards their putative centre of origin) as the main factors underlying modern patterns of bat biodiversity and endemism (Stevens 2011 , Pereira and Palmeirim 2013 , Arita et al. 2014 , Fergnani and Ruggiero 2015 . These results support the multiple centres of diversification hypothesis.
Taking PD and PE in a way that accounts for the location and timing of specific events could help clarify how modern patterns of biodiversity were shaped by processes such as diversification and range reduction. Mishler et al. (2014) developed a methodological framework designed to identify the spatial phylogenetic structure of an assemblage and to classify areas of endemism based on phylogenetic relationships, implemented within a categorical analysis of neo-and palaeo-endemism (CANAPE). With this approach, it is possible to discriminate between areas of endemism with high concentrations of short-branched (neo-endemism) and longbranched (palaeo-endemism) lineages, adding a temporal dimension to modern patterns of endemism (Mishler et al. 2014) . This approach has been applied to several biotic groups (González-Orozco et al. 2014 , Mishler et al. 2014 , Schmidt-Lebuhn et al. 2015 , Thornhill et al. 2016 ), but its applicability for the interpretation and comparison of complex evolutionary processes in multiple lineages remains largely untested.
Testing the 'dual-centre of diversification' hypothesis within the spatiotemporal framework provided by CANAPE could allow us to test whether this hypothesis extends to other bat families, based on modern levels of endemism. If so, for that family we would expect to find evidence of at least two centres of endemism across the Americas and the Caribbean. Finding only one centre of endemism, on the other hand, would falsify this hypothesis in a given family. To explore this, we combined species-level phylogenies with biogeographic information in order to: 1) investigate the geographic distribution and statistical significance of bat PD and PE in the New World; 2) deconstruct patterns of endemism across the Americas into areas of neo-and palaeo-endemism; and 3) define patterns of zoogeographic regionalisation of endemic areas.
Methods

Spatial data collection and filtering
A species list of ~350 New World bat species was compiled from IUCN data (IUCN 2015) . Based on this list, distributional maps for 325 species were retrieved from the IUCN repository data ( www.iucnredlist.org/ ). Species with poor geographical data or conflicting taxonomy were excluded from the analysis. Our resulting sample represented more than 90% of bat species in the New World. The included species represented all nine families and three superfamilies in the New World. Distribution maps were converted into presence records based on presence/absence matrices. To do so, each distributional map was first projected into an equal-area Mollweide projection, and then intersected with a grid of 100  100 km cells (6602 in total) covering the New World. Presence was assumed when the mid-point of each cell intersected the polygon of a species.
To ensure species range sizes were comparable across the entire study region, the observation records were projected into a Mollweide equal-area coordinate system (Fergnani and Ruggiero 2015) . With all species combined, our matrix included 372 156 presence records. These records were imported into Biodiverse (Laffan et al. 2010) as one data set per family and as a pooled data set of all species, with species presence records aggregated to the same grid of 6602 cells, each 100  100 km in area.
Phylogenetic framework
We used a phylogenetic framework for our biodiversity measures based on a time-calibrated species-level supertree covering all major chiropteran clades (Fritz et al. 2009 ). This phylogeny showed the highest intrafamilial congruence with other large-scale bat phylogenies (Agnarsson et al. 2011) , and also enabled us to include the greatest number of New World bats with available distributional data in our phylogenetically-informed biodiversity analyses. Of the 325 species in our study, 320 were included in the phylogenetic tree. Taxonomic classification of the species in the tree was updated to match current taxonomy according to IUCN data. The phylogenetic supertree was imported into Biodiverse 1.0 and trimmed to match the spatial data of families, retrieving a sub-tree for each family. All sub-trees were trimmed to the most recent common ancestor of the clade.
Measures of biodiversity
The PD score of a grid cell is the sum of the length of all the branches of a phylogenetic tree that are present in each cell (Faith 1992) . We also standardised the PD scores as a proportion of the tree's total length (the sum of all branches). In this way, the values range from 0 to 1 and can be compared across groups (González-Orozco et al. 2015) . PE was developed as a link between traditional measures of endemism (based on taxonomic richness) and more recent phylogenetic measures of biodiversity (Rosauer et al. 2009 ). PE is a range-weighted transformation of PD (Rosauer et al. 2009 ). Faith et al. (2004) developed an 'absolute' measure of PE that accounts for PD that is restricted to an exclusive zone. Subsequently, Rosauer et al. (2009) developed a 'relative' measure of PE in which a restricted distribution of PD is interpreted as a fraction of the overall geographic distribution of a specific part of a phylogenetic tree, implemented as a range-weighted transformation of PD. This approach avoids over-estimation of endemism levels due to the presence of range-restricted species (Rosauer et al. 2009 ). We used this relative PE in our analyses.
PD and PE were calculated for each bat superfamily and for the six most diverse families (Emballonuridae, Molossidae, Mormoopidae, Phyllostomidae, Natalidae, Vespertilionidae). We also calculated a recently proposed set of additional diversity indexes (Mishler et al. 2014 , González-Orozco et al. 2015 , Thornhill et al. 2016 : relative phylogenetic diversity (RPD) and relative phylogenetic endemism (RPE). RPD and RPE are ratios that compare the original values of PD/PE (as the numerator) with values of PD and PE obtained from an alternative phylogenetic tree in which all branches are of equal length but which retains the topology of the original tree (denominator; Mishler et al. 2014) . These indices provide additional information on how PD and PE can be influenced by differential branch lengths (Mishler et al. 2014) .
It has been noted that raw values of phylogenetic measures of biodiversity are not highly informative and could be difficult to analyse, highlighting the need to test their statistical significance (Mishler et al. 2014 , Zupan et al. 2014 , Zhang et al. 2015 . To do so, presence records were randomised 999 times, using a null model that randomly assigns species to each grid cell, while holding taxon richness in each cell and the range size (number of cells where present) of each species constant (Mishler et al. 2014 , González-Orozco et al. 2015 , Nagalingum et al. 2015 , Schmidt-Lebuhn et al. 2015 , Thornhill et al. 2016 ). This results in random selections of the same number of terminal branches on the tree for each grid cell. PD, PE, RPD and RPE were calculated for each randomisation, and the significance of each cell's observed score was calculated by comparing its relative rank to the randomly generated distribution. To facilitate presentation of the results, classification of ecosystems of the New World is based on Graham (2011) and Wiken et al. (2011) .
CANAPE
CANAPE is a two-step analysis that tests the relative contribution of all short and long branches to PE, based on randomisation analyses (Mishler et al. 2014) . First, CANAPE retrieves grid cells with significantly high endemism (onetailed test, α = 0.05), detecting grid cells with significantly high PE scores on either the original or alternate tree (these are the numerator and denominator in the RPE score). Second, grid cells that passed step one are tested for the statistical significance of the RPE ratio (two-tailed test α = 0.05). Accordingly, grid cells are then subdivided into four independent, non-overlapping categories: neo-endemism (i.e. grid cells with low RPE indicating a concentration of rare short branches on the original tree); palaeo-endemism (grid cells with high RPE indicating a concentration of rare long branches of the original tree); mixed-endemism (a mixture of both rare long and rare short branches); and super-endemism (extremely high levels of both neo-and palaeo-endemism; i.e. highly significant PE for both the observed and alternate tree at α = 0.01).
To elucidate family-specific patterns of endemism, all analyses were first completed for the entire order and then compared with the results for the six most diverse families (Emballonuridae, Molossidae, Mormoopidae, Phyllostomidae, Natalidae, Vespertilionidae). All analyses were performed using Biodiverse 1.0 (Laffan et al. 2010) .
To aid in the interpretation of the identified regions of endemism, we analysed grid cells identified as statistically significant in the CANAPE analysis using a hierarchical clustering analysis with the 'phylojaccard' index (Mishler et al. 2014 ). This identified endemism regions with related lineages.
Data deposition
Data available from the Dryad Digital Repository:  http:// dx.doi.org/10.5061/dryad.1718129  (López- Aguirre et al. 2018) .
Results
Diversity and endemism analysis
Large areas of significantly low chiropteran PD were identified in both Neotropical and North American ecoregions. Significantly high PD was found in the Caribbean, the Pacific versant of the Andes and the Baja California Peninsula (Fig. 1b) . Significantly high RPD was found in North America, the Andes and the Caribbean lowlands of Colombia (Fig. 1b) .
Within families, areas of significantly low PD were considerably more common than significantly high PD areas, most commonly associated with the distributional limits of the families (Fig. 2) . However, areas of significant PD are only a small portion of the range, indicating that most PD values across a species' range are no different from those expected by chance. Scatterplots of PD and PE against their significance values showed no correlation, suggesting a tendency to find significant areas based on the empirical values (Supplementary material Appendix 1 Fig. A1-2) . In Molossidae, Mormoopidae and Natalidae, significantly low PD was found across the Amazon and the Atlantic coast of South America ( Fig. 2c, e, g ), and only a small region of significantly high vespertilionid PD was found in North America (Fig. 2k) .
Emballonuridae and Molossidae showed areas of both significantly low and high RPD (Fig. 2b, d ). Phyllostomidae and Vespertilionidae did not exhibit clear patterns in the distribution of significantly low RPD, showing small areas scattered throughout their distributions (Fig. 2j, l) . Mormoopidae showed three main areas of significantly low RPD, and Natalidae showed significantly low RPD in the Caribbean and throughout the Americas (Fig. 2f, h) .
At the ordinal level, significant PE and RPE followed the same pattern with significantly low values in the Amazon and Atlantic forests and significantly high values in the Caribbean and the southern Andes (Fig. 1c-d) . It is worth noting that, although these areas contain endemic regions, many areas with high PE values are not significant because values are not significantly higher than expected by chance. Significantly high PE for families Emballonuridae, Molossidae and Phyllostomidae was concentrated in the Andes (Fig. 3a, c, i) . The Caribbean had significantly high PE for all families, with the exception of Natalidae in the Lesser Antilles where significantly low PE was detected (Fig. 3c, e , g, i, k).
Significantly high RPE was detected for all families except Emballonuridae and Natalidae (Fig. 3b, h ). Molossid RPE was significantly high in the Andes and the latitudinal limits of its distribution (Fig. 3d) , whereas mormoopid RPE was significantly high in North America (Fig. 3f ) . Phyllostomid RPE was significantly low across Central America and significantly high on the northern boundary of the family's distribution, the Amazon, and Peru (Fig. 3j) . Vespertilionid RPE was both significantly high and low in several areas across North America, whereas in South America, only areas of significantly high RPE were discovered (Fig. 3l) . Fig. A3) . At the ordinal level, palaeo-endemism was found in the Caribbean and across the Americas (Fig. 4a) . Areas of mixed and super endemism were repeatedly found across the Andes and southern North America. Moreover, scatterplots of PD and PE significance values against species richness showed that the significance values used to perform the CANAPE were not influenced by species richness (Supplementary material Appendix 1 Fig. A4 ). Across families, the Pacific coast of the Americas harboured the greatest concentrations of endemism ( Fig. 4b-g ). Areas of all types of endemism were found throughout the tropical zone of the New World between the Pacific coast and the Andes. It is also remarkable that, for all families studied, the Amazon and Atlantic forest in eastern South America had no significant levels of endemism of any kind. Analysing each family separately showed unique patterns of endemism with respect to the evolutionary history of each taxon (Fig. 4b-g ).
CANAPE
Emballonurids showed endemism in North America and the Pacific coast of South America (Fig. 4b) , and molossids areas of mixed-endemism in Central and North America, and the Caribbean (Fig. 4c ). An extensive area of palaeoendemism was found across the tropical Andes and Pacific coast of Peru. Super-endemism was scattered throughout South America and the Caribbean.
For mormoopids, the Greater Antilles showed high concentrations of super-endemism, whereas the Lesser Antilles showed low levels of palaeo-endemism (Fig. 4d) . Natalids had a similar pattern, with the only endemic regions being in the Greater Antilles (Fig. 4e) .
The Caribbean had high levels of super-and mixedendemism for phyllostomids and vespertilionids (Fig. 4f-g ). Phyllostomid super-endemism was found in North and South America (Fig. 4f ) , whereas neo-and mixed-endemism was widespread across the Neotropics. Vespertilionid mixedendemism was found in an area comprised by the Guajira Peninsula and Gulf of Venezuela, and the temperate forest of southern Andes (Fig. 4g) .
Zoogeographic zones of endemism tended to form clusters according to geographic proximity (Fig. 5) . A common trend reflecting latitudinal gradient was detected for most families. Phylogenetic similarity between endemic areas tended to be higher towards the Neotropics, and to decrease as latitude increased. An example is the grouping of vespertilionid temperate endemic areas into a single cluster, and the tropical endemic areas grouping in a different isolated cluster (Fig. 5f ). Families endemic solely to the Caribbean (i.e. Mormoopidae and Natalidae) presented endemic zones in the Greater Antilles exclusive to each family ( Fig. 5c-d) .
Discussion Order Chiroptera
Significantly low chiropteran PD found in the Amazon and North America may represent phylogenetic clustering, supporting our hypothesis under two different scenarios: 1) elevated concentrations of derived species resulting from recent diversification processes; or 2) conservative habitat filtering which favours the prevalence of closely-related taxa that share an advantageous trait and disfavours the presence of other taxa.
Significantly high PD found for Chiroptera in South America could be interpreted as indicative of historical refugia or as a 'mixing-pot' where a phylogenetically heterogeneous native fauna (as a consequence of ecological exclusion of closely related taxa) could have converged with recent migrants (Mishler et al. 2014 , González-Orozco et al. 2015 , Nagalingum et al. 2015 , Schmidt-Lebuhn et al. 2015 . Similar scenarios have been proposed for other groups such as amphibians at a global scale (Fritz and Rahbek 2012) .
Across bat families and at the ordinal level, high concentrations of statistically significant endemism in the Panamanian Realm, the Caribbean, and the Pacific coast of South America Figure 3 . Geographic distribution of significance levels resulting from two-tailed randomisation tests of PE (a, c, e, g, i, k) and RPE (b, d, f, h, j, l) for six New World bat families. Emballonuridae (a, b), Molossidae (c, d), Mormoopidae (e, f ), Natalidae (g, h), Phyllostomidae (i, j) and Vespertilionidae (k, l). Grid cell colours represent significantly low (red) and significantly high (blue) values. support our results for the randomisation analysis of PD, PE, RPD and RPE. Overall, CANAPE results showed more than one centre of neo-endemism across the Americas, suggesting more than one centre of diversification of recently diversified taxa. These results support previous studies that suggested dual centres of diversification for families Emballonuridae, Mormoopidae and Phyllostomidae (Arita et al. 2014) , while also extending this hypothesis to families Molossidae and Vespertilionidae.
Family Emballonuridae
Low emballonurid RPD and PD found in the Yucatan Peninsula suggest recent diversification processes in this ecosystem. This interpretation is supported by our CANAPE results that identify neo-and mixed-endemic areas in the same region. Emballonuridae exhibits areas of significantly high endemism across the Americas. The rainforests of Central America and the Pacific coast of South America host a significantly high level of PE, consistent with their PD values. Our data is also congruent with evidence provided by Arita et al. (2014) for dual centres of diversification for Emballonuridae, with superendemic areas in both South America and southern North America. As evidenced by the endemic genus Balantiopteryx, a minor southern North American emballonurid radiation has been proposed, compared to the major radiation in northern South America (Arita et al. 2014 ). However, we found palaeo-, mixed-and super-endemic areas were located within the Panamanian Realm, which suggests that, although emballonurids have a putative tropical origin, dual radiations in tropical South and North America could have occurred (Arita et al. 2014 ).
Family Molossidae
Our CANAPE results suggest a scenario of multiple centres of diversification for molossids across the New World (Arita et al. 2014, Gregorin and Cirranello 2016) . As suggested by tropical niche conservatism, wide areas of all kinds of endemism throughout South America support the idea of South America as the first centre of diversification for this family (Stevens 2011 , Pereira and Palmeirim 2013 , OlallaTárraga et al. 2017 . Nonetheless, the presence of palaeo-and mixed-endemism outside South America suggests the possibility of additional centres of endemism. Moreover, palaeoendemism in Central and North America also suggests that the northward migration of molossids could have occurred earlier than thought, supporting the idea that GABI does not explain patterns of modern molossid biodiversity (Arita et al. 2014, Gregorin and Cirranello 2016) . Based on our CANAPE results, the central Andes and Pacific coast of South America are major areas of molossid palaeo-endemism, supporting a refugium hypothesis inferred by the RPD analysis (Gregorin and Cirranello 2016, Penone et al. 2016 ). 
Family Mormoopidae
Our results underscore recent taxonomic revision of the mormoopid genus Pteronotus revealing greater diversity, with the number of species in the genus raised from six to 16 (Pavan and Marroig 2017) . The proposed distributions of some of these newly recognised species match areas of low RPD and PD we detected on both the mainland and the Caribbean, supporting a scenario of phylogenetic clustering as a result of recent diversification processes.
The discovery of a fossil mormoopid from the Oligocene of Florida suggests that the evolutionary origins of this family were in North America, followed by a southward migration to the Caribbean, and a second early southward migration to South America in the Miocene , Dávalos 2005 , Rojas et al. 2016 , Pavan and Marroig 2017 . High endemism in the Caribbean reflects the insular diversification of this family, supporting the hypothesis of at least two independent colonisation processes that led to a founderevent speciation of Pteronotus in the Greater Antilles (Dávalos 2005 , Arita et al. 2014 , Pavan and Marroig 2017 . In our results, the presence of Caribbean palaeo-endemism can be interpreted as evidence that Mormoopidae had a North American origin, but its main centre of diversification was the Caribbean (Arita et al. 2014 , Rojas et al. 2016 ). Other studies, however, have suggested that the centre of diversification of genus Pteronotus was in southern North America (Pavan and Marroig 2017) .
Family Natalidae
Current understanding of natalid evolutionary history does not support a scenario of recent diversification on the mainland, further suggesting that the modern distribution of natalids resulted from evolutionary habitat filtering that favoured continental colonisation by the Natalus lineage (Dávalos 2004 , 2005 , Lim 2009 , Arita et al. 2014 . Natalid palaeo-, mixed-and super-endemism were detected in the Caribbean, suggesting that this family is exclusively endemic to the Caribbean. Several studies support the idea of a land bridge connecting the Greater Antilles with continental America (i.e. GAARlandia) for a 1-2 million year interval around the Eocene-Oligocene boundary (ca 30-34 Ma) (Ali 2012 , Weaver et al. 2016 .
However, molecular evidence points to an early diversification of Caribbean bats subsequent to the timing of GAARlandia (Dávalos 2004 , 2005 , Rojas et al. 2016 . Moreover, similar to family Mormoopidae, the discovery of Oligocene fossil natalids from Florida suggest a North American origin, followed by a pre-GABI southward migration and diversification in the Caribbean, and a second southward migration to South America , Dávalos 2005 , Arita et al. 2014 , Rojas et al. 2016 .
Family Phyllostomidae
It is noteworthy that the xeric ecosystems of southern North America hosted the most extensive super-endemic areas for emballonurids and phyllostomids, evidence that these ecosystems played an important role during the evolution of both families (Penone et al. 2016) . The common ancestor of the subfamily Glossophaginae and subtribe Stenodermatina is thought to have had an Antillean distribution (Rojas et al. 2016 ) and the super-endemic Caribbean areas we detected probably reflect that history. Concentration of endemism in the Andean region indicates that this area played an important role by providing refugia for long-branched taxa (i.e. palaeo-endemism), and as the centre of recent speciation of short-branched taxa (i.e. neo-endemism; Arita et al. 2014 , Rojas et al. 2016 .
Interpreting the presence of palaeo-endemism in Central and North America based on niche conservatism suggests that palaeo-endemic areas represent a concentration of longbranched taxa that went through a historical range reduction process towards their centre of origin (Arita et al. 2014 ). This suggests that Central America was a centre of diversification for phyllostomids, well before the onset of the rise of the Panama isthmus. This not only supports the 'dual centre hypothesis' postulated by Arita et al. (2014) but also argues against GABI as a model to explain the modern distribution of phyllostomids.
Areas of palaeo-endemism corresponded with the occurrence of subfamilies Macrotinae and Glossophaginae (Rojas et al. 2016) . Neo-endemic areas, on the other hand, suggest recent divergence of species of Artibeus, Choeronycteris and Musonycteris. This array of endemism outside the putative South American centre of origin coincides with the proposed historical distributions of the common ancestor of several phyllostomid lineages. Rojas et al. (2016) concluded that the most recent common ancestor of the subfamilies Macrotinae and Carolliinae could have had a Central to North American distribution, a conclusion in part supported by our CANAPE results.
Family Vespertilionidae
Vespertilionid neo-endemism in the Yucatan Peninsula corresponds to the presence of species Corynorhinus mexicanus and Rhogeessa aeneus (Roehrs et al. 2010) . Several species of Lasiurus and Myotis are neo-endemic to the Baja California desert, whereas M. peninsularis and M. vivesi are palaeoendemic (Stadelmann et al. 2007 ). South American areas of vespertilionid endemism are particularly interesting because they contradict the idea that North America was the only centre of diversification for vespertilionids in the New World (Arita et al. 2014) . Species of Histiotus, Lasiurus and Myotis are endemic to the southern Andes, implying that diversification in this family has taken place outside North America. Moreover, this region was significant for more than one type of endemism, meaning that modern levels of endemism are the result of separate events (i.e. Myotis species are probably palaeo-endemic, whereas L. varius and H. macrotus are likely neo-endemic). Our results provide evidence to suggest that the 'dual centre hypothesis' could explain the patterns of diversification in this family.
Clustering analysis
Clustering analysis helped clarify the biogeographic regionalisation in the CANAPE results. Phylogenetic similarity between endemic areas tended to be higher towards the Neotropics, and to decrease as latitude increased. Combined, these results seem to reflect biogeographic regionalisation of the New World (Proches 2006 , Holt et al. 2013 ); temperate clusters represent the Nearctic and Palearctic zones, whereas the tropical clusters represent the Neotropical zone (equivalent to the Panamanian Realm). This distribution suggests that the pre-GABI isolation between North and South America (i.e. prior to the rise of the Panama isthmus) did not influence the biogeographic regionalisation of bat endemism (Proches 2006) . This supports previous studies that estimated that the major biogeographical barrier during the Cenozoic dispersal of this group was the longitudinal separation between the Old and New World (Proches 2006) . Based on this we suggest that the dispersal of bats across the New World was limited by neither a latitudinal (e.g. Central American Seaway) nor an altitudinal barrier (e.g. the Andes).
Conclusions
Our results: 1) support the 'dual centre of diversification' hypothesis as a model to explain the evolutionary history of the bat families Emballonuridae, Mormoopidae and Phyllostomidae in the New World, as suggested by Arita et al. (2014) ; 2) suggest that this same model can shed light on the evolution of molossids and vespertilionids, hence extending this hypothesis to the diversification of lineages of all New World bat superfamilies; 3) indicate that GABI does not explain the presence of centres of diversification in both South and North America for five of nine New World bat families, suggesting that before the formation of the Panama Isthmus, the Central American Seaway did not represent an important geographic barrier preventing latitudinal migration across the Americas; 4) suggest the Andes played an important role during the evolution of South American bat families, acting as a centre of diversification and refugia for some vespertilionid species; and 5) suggest that phylogenetic similarity across significant endemic zones followed the broader biogeographic regionalisation of the New World.
